
UNfTED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION III

841 Chestnut Building
Pffladdphia, Pennsylvania 19107-4431

HAND DELIVERED October 18, 1993

Anne Killer
DNREC
715 Grantham Lane
New Castle, DE 19720

Re: Draft Feasibility Study Addendum for Standard Chlorine of
Delaware

Dear Ms. Killer:

EPA has reviewed the Draft Feasibility study Addendum dated
September 1993 for the Standard Chlorine of Delaware site.
Although EPA identified technical deficiencies in the report, it
does contain adequate information to select a preferred
alternative. In turn, as stated in EPA's letter dated October
12, 1993, EPA recommends that DNREC approve this report with the
observation that a number of deficiencies were identified and
that the review memos/letters will be placed in the
administrative record.

- EPA's comments on the above referenced report are attached
to this letter. The comments include EPA and EPA's oversight
contractor. In addition; I have enclosed EPA's review comments
on the Treatability Study conducted by Kerr Environmental
Research Laboratory.

As always, if you have any questions, I can be reached at
(215) 597-0910.

Sincerely,

Katherine A. Lose
Remedial Project Manager
DE/MD Section

Enclosures

cc: B. Pasquini, EPA (w/o enclos)
B. Davis, EPA (w/o enclos)
D. I oven, EPA (w/o enclos)
D. Spencer, Versar
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION HI

841 Chestnut Bufcfing
Phiadelphia, Pennsylvania 19107

SUBJECT: Standard Chlorine DATE; 10-18-93
Review of FS Addendum

FROM: Kate Lose (3HW42)ŷ ;̂  " .
DE/MD Section r*' '

TO: Anne Killer
DNREC

I have reviewed the Draft Feasibility Study Addendum for
Standard Chlorine of Delaware, Inc., dated September 1993. I had
anticipated that the addendum would only address and expand on
Alternative 5 and was somewhat surprised by the impact of this
addendum on the other alternatives. My comments are as follows:

General

The incorporation on insitu bipremediation for the sediments
in the unnamed tributary and Red Lion Creek into Alternative 3
and 4A is a significant change. Based on the review of the
Treatability Study, and EPA's experience with in-situ field work,
the feasibility of using insitu bioremediation for these
sediments will require additional testing.

Overall, the results of the treatability study are
inconclusive and EPA does not agree with the findings or the
conclusions found on page 2-1 of the Draft Feasibility Study
Addendum. Comments from Kerr Research Laboratory provide more
specific comments on the data presented in the Treatability
Study. . . _ _ . . _ . _ _ .

Specific Comments;

Page
ES-6 2nd Bullet - The purpose of this comment is to state

EPA's understanding of the proposed alternatives. It is
EPA's understanding that Alternative 4A proposes the
use of thermal treatment for all excavated
soils/sediments, except for those sediments which are
difficult to access along the unnamed tributary and Red
Lion Creek. Under Alternative 4A, the sediments which
are difficult to access as delineated above, SCO is
proposing In situ bioremediation. Under Alternative
4B, all contaminated soils/sediments will undergo
thermal treatment.
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ES-6 The phrase "or consolidation" in the fifth sentence
under Alternative 4 is somewhat confusing. For
clarification, it is EPA's understanding, that under
Alternative 4, excavated soils and sediments would only
be consolidated into the retrofitted basin after
thermal treatment.

ES-7 Alternative 3 - The first sentence states that this
alternative will comply with ARARs. This statement
does not concur with the Final FS, which states that it
is unlikely that MCLs for ground water will be
achieved.

ES-8 Raooiamgnded Alternative - It is inappropriate for
Standard Chlorine to make a recommendation of a
preferred alternative in the Feasibility Study Report.
Standard Chlorine may make a recommendation under a
separate cover letter.

2-1 As stated previously, EPA does not agree with the
findings and/or conclusions as they are delineated on
page 2-1. Although all the aerobic samples showed a
net reduction in total chlorinated compounds, it is not
possible to claim that the reduction is attributable to
biological activity. Please see Kerr's comments for a
more detailed analysis of the Treatability study.

3-2 First bullet - Acceptable residual concentration should
be defined.

3-2 Second bullet - The criteria for placement of
biologically treated soils/sediments into the
sedimentation basin is not clearly defined. The
purpose of treatment is to remediate the soils to
"clean-up levels1*. If faioremediation is unable to
achieve "clean-up" levels, then other remedial
alternatives would need to be considered/evaluated.

3-2 Fourth "paragraph - The type of bioremediation
technology is not defined. Additional testing and
screening will be required to determine the most
effective technology.

3-2,3,4 Effectiveness - There are several references stating
that.the treatability study showed significant
reduction in total chlorinated benzenes. Table 3-1
suggests a high percentage of removal in the aerobic
flasks for surface and subsurface soils. Both the
table- and the narrative should provide a notation that
the removal of chlorinated benzenes in these samples is
probably attributable to air stripping as opposed to
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biological activity.

Page .^ " - \ - - - _
3-6 First bullet - The last sentence states that ".. .

aerobic degradation is not being considered...11. Based
on the information at hand, EPA recommends that a
treatment train be considered, consisting of an
anaerobic process to reduce the heavier chlorinated
compounds, and a second phase of an aerobic or air
stripping process to further reduce the less
chlorinated compounds.

3-6 Third bullet - A time frame for monitoring should be
provided.
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C D M F E D E R A L P R O G R A M S C O R P O R A T I O N
a s u b s i d i a r y of C a m p D r e s s e r & M c K e e Me.

October 15, 1993

Ms. Donna McGowan
TSS VTI Regional Project Officer
U.S. Environmental Protection Agency
841 Chestnut Street
Philadelphia, Pennsylvania 19107

PROJECT: EPA CONTRACT NO: 68-W9-0004

DOCUMENT NO: TES7-C03041-BP-DPHT

SUBJECT: Work Assignment C03041
Standard Chlorine Site
Compliance Evaluation and Technical Review of the
Feasibility Study Addendum
TE37-C03041-RT-DPHV-02

Dear Ms. McGowan:

Please find enclosed the Compliance Evaluation and Technical Review of the
Feasibility Study Addendum for Standard Chlorine of Delaware, Delaware City,
Delaware. This report is being submitted as partial fulfillment of the
reporting requirements for this work assignment.

If you have any comments regarding this submittal, please contact me at (215)
233-0450 within two weeks of the date of this letter.

Sincerely, " *

CDM FEDERAL PROGRAMS CORPORATION (CDM Federal)

Hark diFeliciantonio
Regional Manager

MdF/dmh
*

Enclosure

cc: *£»£• Lose,, SPA Work Assignment Manager, CERCLA Region III
Jean 1?T±5nt> TES VII Zone Project Officer (letter only)
Constance V. Braun, CDM Federal Program Manager
Robert Murphy, Versar Inc., (letter only)

992 Old Eagle School Road, Suite 919 Vt'jvne. P\ 19CS7 215 293-0450
Pnmed en Receded Paper



COMPLIANCE EVALUATION AND TECHNICAL REVIEW
FEASIBILITY STUDY ADDENDUM

STANDARD CHLORINE OF DELAWARE, INC. SITE
DELAWARE CITY, DELAWARE

Prepared for

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Waste Programs Enforcement

Washington, D.C. 20460

Work Assignment No.
EPA Region
Site No.
Contract No.
CDM FEDERAL PROGRAMS
CORPORATION Document No.
Work Assignment Project Manager
Telephone Number
Primary Contact
Telephone Number
Date Prepared

C03041
III
3PH6
68-W9-0004

TES7-C03041-RT-DPHV-02
Robert Savill
(215) 293-0450
Kate Lose
(215) 597-0910
October 15, 1993
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1.0 INTRODUCTION

CDM Federal Programs Corporation (FPC) received a work assignment (WA No.
C03041) to provide technical enforcement support to EPA Region III under EPA
Contract No. 68-W9-004. pie purpose of this assignment is to provide
oversight of the remedial investigation/feasibility study (RI/FS) field
activities and to review and evaluate documents submitted by the responsible

party (RP) or the RP's contractor in support of the RI/FS for the Standard
Chlorine of Delaware, Inc. (SCO) site located in Delaware City, Delaware.

This report presents the results of the TES VII Team Member's evaluation of
the September 1993 Feasibility Study Addendum for the SCD site.

Standard Chlorine of Delaware, Inc. manufactures chlorobenzenes on a 46-
acre site in Delaware City, Delaware. In September 1981, about 5,000 gallons
of monochlorobenzene spilled from a railroad car on the Standard Chlorine
property. Subsequent sampling was performed and identified chlorobenzenes in
onsite soils, in shallow ground water underlying the site, and in nearby Red

Lion Creek. The RP and their contractor, Roy F. Weston, Inc., have studied
this problem and have prepared reports on the extent of contamination,
evaluated remedial alternatives and feasible technologies, and have begun
recovery of contaminated ground water at the site. In September 1985, the SCD
site was.proposed by the EPA for the National Priorities List (NPL).

On January 5, 1986, onsite storage tanks ruptured and 562,000 gallons of
paradichlorobenzene and trichlorobenzene were spilled onto the SCD property
and into the adjacent wetlands. The RP engaged a remedial contractor and
initiated clean-up activities within hours of the spill occurrence. The RP
and the clean-up contractor prepared the ESD detailing emergency clean-up
activities and ongoing remedial activities at the SCD site.

Standard Chlorine signed a consent order with the Delaware Department of
Natural Resources and Environmental Control (DNREC) on January 22, 1988. As
required in the consent order, they submitted a Phase I RI/FS work plan for
approval by DNREC. The consent order was then amended so that a single site-
wide RI/FS could be performed. A revised RI/FS work plan was then submitted
to EPA and DNREC and was approved for the current activities at the SCD site.

-1-
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This evaluation report comprises five sections. Section 2.0 outlines the
TES VII Team Member's approach to the compliance evaluation and technical
review of the FS report. Section 3.0 presents general comments from the
technical review and Section 4.0 presents specific comments. Finally, Section
5.0 presents conclusions and recommendations that were developed from the
technical review of the FS report.

-2-
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2.0 APPROACH TO COMPLIANCE EVALUATION AND TECHNICAL REVIEW

The TES VII Team Member reviewed the September 1993 SCD FS Addendum to
assess the adequacy and completeness of the information to support the
requirements of an FS ancl'treatability study. The scope and quality of the FS
Addendum were evaluated with respect to (1) objectives for conducting an FS
under the National Oil and Hazardous Substance Pollution Contingency Plan
(NCP), as implemented under the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA) and as amended under the

Superfund Amendments and Reauthorization Act of 1986 (SARA), (2) concepts and
technical standards for conducting an FS as discussed in "Guidance for
Conducting Remedial Investigations and Feasibility Studies under CERCIA"
(October 1988), and (3) procedures consistent with standard industry practices
common to the technical issues in accordance with EPA policies. The TES VII
Team Member's judgement of whether compliance deficiencies exist is based on
the objectives and guidelines set forth in the NCP and U.S. EPA guidance.

-3-
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3.0 GENERAL COMMENTS

This section summarizes general comments on the September 1993 FS
Addendum for the SCD site. These comments address items that were recurring
throughout the report or -items that refer to the overall tone of the report.
Specific comments, referenced to the appropriate section and page number of
the FS report, are provided in Section 4.0.

In general, the FS Addendum contains adequate technical information to
select a. preferred alternative for remediation of the SCD site. However, the
following technical deficiencies were noted: (1) a comparative analysis of the
alternatives with respect to one another was not presented; (2) the
descriptions of the revised alternatives are not clearly presented; and (3)
the conclusions drawn regarding the results of the treatability study have not
been adequately discussed and supported.

The FS Addendum does not provide a comparative analysis of alternatives.
Section 4 briefly compares each of the revised alternatives with the
respective alternative presented in the FS report, but a comparative analysis
of the revised alternatives with respect to one another was not conducted.
Based on the changes that were made to the alternatives, a thorough analysis
of the strengths and weaknesses of each alternative is essential to the
selection of the final remedial alternative.

There appear to be some discrepancies regarding the areas and volumes to
be treated by each technology type for each alternative. Due to the changes
to the alternatives resulting from the treatability study, it would be useful
to provide a revised table similar to Table 6-1 of the FS report, specifying
the medium, technology type, and area or volume applicable to each
alternative.

Section 9.0 of the Treatability Study report and Section 2.0 of the FS
Addendum provide a brief overview of the findings of the treatability study.
A complete discussion of the treatability study conclusions relative to the
treatment technologies being evaluated at the SCD site is not provided.
Section 3.0 of the FS Addendum discusses the applicability of bioremediation
to the site, which is based primarily on the conclusions of the treatability

-4-
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study. However, a number of treatability study results cited in this section
are not discussed in the overview of treatability study findings. For
example, Section 2.0 of the FS Addendum does not address the results of
treatability testing on sediments, but Section 3.0 indicates that this option
is potentially applicable to in-situ treatment of sediments and the
effectiveness of ex-situ bioremediation Is questioned. Additionally, the
conclusions drawn regarding the effectiveness of bioremediation based on
information gathered from the treatability studies are not well supported.
For instance, the leaching of contaminants observed during the column tests

conducted on subsurface soils under anaerobic conditions was used to eliminate
in-situ bioremediation of subsurface and surface soils from further
consideration, but no discussion of whether this phenomenon would occur under
aerobic conditions or for surface soils * and sediments is presented in the
overview of conclusions.

-5-
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4.0 SPECIFIC COMMENTS

This section presents specific comments and questions, as well as
typographical errors, pertaining to issues discussed in the September 1993 FS
Addendum for the SCD sitev Comments are itemized by the specific section and
page number of the FS Addendum.

Comment

Ex. Summary ES-6 The discussion of Alternative 5 indicates that
one option will include ex-situ biological
treatment of sediments and soils and the other
option will include In-situ biological treatment
of sediments. An explanation of how soils will
be treated under the second option should be
provided.

Ex. Summary ES-8 The evaluation of alternatives includes cost
data for each of the alternatives, except
Alternative 5. Cost data for Alternative 5
should be included.

Additionally, Alternatives 3 and 4 have been
modified to Include a biological treatment
component. The costs associated with this
additional treatment technology should be
discussed.

Ex. Summary ES-8 The presentation of a recommended alternative Is
not appropriate.

2.0 2-1 A more detailed discussion of the results of the
treatability study and the potential Impacts
these results may have on the treatment
technologies being evaluated should be included
in this section.

2,2 2-1 The first bullet item Indicates that the
treatability study revealed evidence of
blotransformation in aerobic subsurface soil.
The second bullet item indicates that the
decrease in chlorinated benzenes in aerobic
subsurface soils is attributable to stripping.
This discrepancy of findings should be
clarified.

-6-
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3.2.2 3-6 The results of the treatability study indicated
that biotransfonnation occurred In surface soils
and subsurface soils, but not in sediments.
Surface soils and subsurface soils have been
eliminated from consideration based on potential
groundwater impacts from the leaching of
contaminants. This conclusion was based on the
results of the soil column tests, which were
conducted on subsurface soils under anaerobic
conditions only. Since evidence of
biotransformation of subsurface soils was found
under aerobic conditions, explain the validity
of this conclusion. Although no evidence of
biotransformation was noted for sediments,
sediments in the wetlands were retained for
evaluation. If there is evidence to suggest
that despite the results of the treatability
study, in-situ bioremediation is a viable
option, this evidence should be explained.
Additionally, the potential impacts of
contaminants leaching from sediments should also
be commented on. It is unclear why the results
of the subsurface soil column tests have been
applied to the surface soils, but not the
subsurface soils.

3.2.3 3-7 The FS Addendum indicates that information
gathered from the treatability study does not
change the unit costs for this alternative.
However, the areas and volumes of media to be
treated have changed, thus the total present

• worth cost for this alternative should be
recalculated.

3.3 3-8 A more detailed discussion regarding the
integration of in-situ bioremediation with
Alternatives 3 and 4A should be provided.
Specifically, a discussion of which areas or
volumes this option will be applicable to and
which treatment technologies It will supplant
should be included. A discussion of the
effectiveness and cost of these revised
alternatives should also be provided.

4.L 4-1 A revised cost estimate for Alternative 3 should
be provided.

4.2 . 4-1 A revised cost estimate for Alternative 4A
should be provided.

-7-
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4.3 and 4.4 4-2 For Alternative 5A the report indicates that
more information is required to determine If
bioremediation can be performed on sediments,
yet the discussion of Alternative 5B does not
raise this concern. If the reason for the
concern over the applicability of bioremediation
to sediments is that in-situ is expected to be
more effective than ex-situ treatment for the
sediments, Alternative 5A should be modified to
Include an in-situ bioremediation option for
sediments.

Attachment 1 Fig. 1 Figure 1 indicates the general areas where
samples were collected for the treatability
study, but the location of each sample point Is
unclear.

-8-
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The TES VII Team Member evaluated the Information contained in the FS
Addendum preoared by Roy F. Weston, Inc., for the Standard Chlorine of
Delaware, Inc., (SCD) site- (Roy F. Weston, February 1993). This report was
reviewed to assess the RP contractor's adequacy and completeness of the
Information to support the requirements of a Feasibility Study. The FS
Addendum generally contains the technical information required to select a
preferred remedial alternative, but the presentation and discussion of the
data requires some revision.

The FS Addendum should be amended to include a complete discussion of the
results of "the treatability studies and any potential impacts to the
technologies being evaluated at the SCD site. Any conclusions inferred from
the results of the treatability studies that are used to evaluate the
applicability and effectiveness of the alternatives should be fully documented

and supported.

A comparative analysis of the revised remedial alternatives should be
presented. The findings of the treatability studies resulted in the
modification of several of the remedial alternatives, therefore, the initial
comparative analysis conducted for the FS report is no longer valid.

The description of the revised remedial alternatives should be clarified
to provide an accurate representation of the media, technology types, and
areas and volumes associated with each alternative. Inclusion of a table
similar to Table 6-1 of the FS report would be helpful. Additionally, each of
the comments raised In Section 4.0 Specific Comments should be addressed.

-9-
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
ROBERT S. KEHR ENVIRONMENTAL RESEARCH LABORATORY

P.O. BOX I1M
ADA, OKLAHOMA 74ttO

October 8, 1993

MEMORANDUM

SUBJECT: Technical Review of Bioremediation Treatability Testing
Program Summary - Review, Standard Chlorine Site
(93-RO3-001)

— »
FROM: Mary E. Randolph, Microbiologist v</?̂ /

Applications and Assistance Branch

TO: Katharine Lose, RPM, (3HW42)
DE/MD Section
EPA, Region 3

Per your technical support request dated September 20, 1993,
th© document entitled, "Bioremediation Treatability Testing Program
Summary- Review," has been reviewed for technical merit and
appropriateness by Dominic DiGiulio/ Scott Huling, Hugh Russell,
John Matthews, and me. If you have any questions or the Technology
Support Center can be of further assistance, please contact me at
405-436-8616.

General Comments:

Overall, we feel that the treatability data _is inconclusive
and non-supportive with respect to the role of the biological fate
of the compounds studied. This comment is supported by the
following: (1) variability of the concentration of total
chlorobenzenes (Tot-CB) observed in the flasks arid the associated
lack of confidence in the data, (2) the potential for volatile
losses from the reactor flasks, (3) inconclusive stoichiometric
release of chlorides, (4) no nutrient consumption, and (5) lack of
microbial data. While it is widely accepted that dichlorobenzene is
biodegradable and is possible that biodegradation may have occurred
in these tests, th© data presented is inconclusive in support of
such degradation. It should be noted that while the results from
thes0 tasts are inconclusive and unsupportive with respect to the
role of biological processes, it is entirely possible that some
form of bioremediation can be effectively used at this site.

The £tudy included an anaerobic set of flasks- to evaluate the
fate of Tot-CB under anoxic conditions. The anaerobic process
involving reductive dechlorination is a technology that is
problematic with respect to in-situ field implementation.
Presently, the ability to design, construct and implement a system
involving successful application of this process has not been
demonstrated. However, it is reasonable to expect that slurry
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phase treatment in a reactor vessel would be less problematic and
may be feasible. To the best of our knowledge, this process has
not been successfully demonstrated.

It is reasonable to expect that in aerobic biological systems,
the greater the degree of chlorination, the slower the rate of
biodegradation. Correspondingly, the accumulation of lower
chlorinated compounds is unlikely. An exception to this trend would
be if the lower chlorinated compounds were inhibitory to microbial
processes. In such cases, these compound might accumulate. Under
anaerobic conditions, the more oxidized (chlorinated) compounds
(hexa, penta, tetra, tri) are more easily dechlorinated via
reductive dechlorination processes, i.e. the compound acts as an
electron acceptor; and the less chlorinated compounds (mono, di)
are less amenable to the reductive dechlorination process. It
follows that reductive dechlorination would be more effective on
compounds that are highly substituted than, the mono- and
dihalogenated compounds.

This overall perspective should be considered when scoping the
remediation feasibility options. For example, the primary form of
contaminants at the site appear to be the mono- and dihalogenated
compounds (i.e. Memo dated 8/26/93 transmitting the descriptive
statistics for chemicals of concern in subsurface media). Based on
the relatively low amount of the 3, 4, 5 7 and 6 chlorinated
compounds, the costs associated with reductive dechlorination
remediation may reduce the overall feasibility of this remediation
approach. Further evaluation of this point is recommended.

In general, it appears that the scoping of the feasibility
study should be re-evaluated. Information contained in this report
indicates that the treatability study may have been implemented
prior to identifying specific objectives of the study or
scoping/screening of the overall remediation approach. For example,
while the report is entitled, "Bioremediation Treatability Testing
Program - Summary of Findings", it is unclear whether bioslurry,
land treatment, in-situ, bioventing, etc., remediation technologies
are targeted for this site. The potential target technology should
be narrowed down so a screening test could be designed to address
the feasibility of each target technology with respect to more
focused, site specific issues.

Specific comments concerning the document are as follows:

Section 4.0 Sample Characterization Results

1. The initial concentration of total chlorobenzenes (Tot-CB)
in the soil and aquifer material, and the initial concentration
(Day 0) of Tot-CB in the flask reactors (i.e. Figures 2-7) are
summarized in Table 1.

The concentration in the flask reactors, is generally lower
than the site sample initial concentration reported in section 4.2.
Since each reactor essentially consisted of approximately 20 g. of
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media and 80 ml of water (i.e. sections 6.2.1, 6.2.2), then the
lower values can be partially attributed to the partitioning of
Tot-CB to the water phase. Since 1,2- and 1,4-Dichlorobenzene
(volatile compounds with Henrys Constants of 1.88X10"3 and 1.58X10"3
(atm-m3/m°3-e}} compose the largest fraction of the contaminants,
volatile losses occurring during sample transfer may have occurred
as well. Variability* in the fraction remaining may represent the
heterogeneous nature of the sample material, sample transfer, or
analyses. It is worth noting that the initial slurry phase Tot-CB
concentrations do not reflect field concentrations, and that the
initial slurry phase concentration is variable which may affect its
fate in the reactor. Assuming the variability is due to analytical
constraints, data confidence should be considered when evaluating
the test results.

The high fraction remaining in the sediment sample indicates
that the initial concentration estimate may have been incorrect.
Correspondingly, the variability of the sediment sample results
(Figures 6 and 7) may also reflect this observation.

Tabl© 1 - Summary of Initial Total Chlorobenzenes in Site Samples
and in the Flask Reactors.

Site sample Flask reactors
Madia [Tot-CB]i (mg/Kg) ' [Tot-CB]i (mg/Kg)

Aerobic Anaerobic
Surface 5370 3700 (69%)cl) 3400 (63%)
soil 2400 (45%) 2600 (48%)

1400 (26%) 2600 (48%)

Subsurface 1080 48_Q (44%) 450 (42%)
soil 420 (39%) 300 (28%)

200 (19%) 250 (23%)

Sediment 190 430 (226%) 300 (158%)
410 (216%) 250 (132%)
290 (153%) 125 (66%)

(1) fraction remaining relative to the initial site sample
concentration

section 5. o Experimental Design x

1. The anaerobic bioremediation scenario was conducted over 60
days, a timeframe that may not allow sufficient biodegradation by
an unacclimated microbial population.

2. Triplicate flasks were used, but the data presented in
Attachment 10 does not indicate whether the samples obtained were
analyzed in triplicates. It is recommended that this data be
clearly reported.
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Section 6.2 Aerobic Flask Tests:

1. The aerobic flasks :,were covered with loosely fitted plastic
caps to minimize evaporative losses. This experimental design does
not minimize volatile losses from the flasks. Therefore,
volatilization must aj.so be considered one of the fate mechanisms
in the treatability study data analysis.

2. The abiotic control in the aerobic and anaerobic flasks
were amended with a 37 percent formaldehyde solution. The volume of
formaldehyde solution was not specified. It may be possible that
formaldehyde, if present in low concentration, may have been used
by microbes as substrate.

Section 6.3 Anaerobic Flask Tests:

1. It is not clear whether the control flask was amended with
the digester sludge inoculum. Since the results from the amended
flasks are compared to the control, it is prudent to amend the
control flask with the digester sludge.

2. Since the flasks were opened at least three times during
the experiment, volatilization from the anaerobic reactors cannot
be ruled out as a loss mechanism from the reactors. This is
particularly true when considering the volatility of the compounds.

Section 8.0 Findings

1. Section 8.4.1 indicates that the nutrients (N and P) were
constant throughout the test period for all test scenarios.
Although the data is not presented to evaluate more thoroughly,
this indicates that no measurable utilization of nutrients
occurred, which infers that biological processes may have been
insignificant in these tests.

Section 9 Conclusions:

1. It is concluded in section 9.1 that presumptive evidence of
biodegradation of Tot-CB is seen in the chlorinated benzene decline
in conjunction with an increase in the chloride concentration for
the anaerobic surface soil scenario. While it is true that the
overall chloride concentration increases relative to the control,
there were two anomalous trends. In the first 10 days, when the
Tot-CB decreases significantly, there was not an increase in
chlorides* Second, from days 10-30, there was an increase in the
Tot-CB concentration, and an increase in the chloride
concentration. These two observations are contradictory with
respect to biological reductive dechlorination processes. It was
not until days 30-60 when the decrease in Tot-CB occurred
simultaneously with an increase in chlorides. Additionally, the
abiotic control flask indicated essentially the same Tot-CB trends
as the biotic treatment flasks. A strict interpretation would
indicate abiotic processes dominated the fate of Tot-CB, rather
than biotic.
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Based on the variability of the Tot-CB concentration as
observed during days 0, 10 and 30 (i.e. decreasing, increasing
concentrations) there is questionable confidence that the
concentration observed during day 60 represents a significant loss.

2. Section 9.5 indicates that nutrient addition in the wetland
areas may promote natural degradation of contaminants, as seen in
th0 anaerobic surface soil (Fig. 3) and aerobic subsurface soil
(Fig. 4) tests. This conclusion is not supported by the data
pr0santed. There is no clear evidence, that the data from the
anaerobic surface soil nor the aerobic subsurface soil can be
attributed to biological processes. The amendment of a wetlands
area with nutrients, based on the results of this study, has no
technical merit. Additionally, nutrient amendment to wetlands is
much more complex than simulated in this study and has major
ecological implications. Careful evaluation is highly recommended.

The following specifically addresses the comment mentioned in
the previous memo dated January 22, 1993 that all of the compounds
are both volatile and amendable to aerobic biodegradation and could
be good candidates for bioventing and/or soil vacuum extraction
technologies. There is always the concern that some contaminant
concentrations in some locations may be high enough to potentially
inhibit microorganisms. Several figures have been prepared and
attached to illustrate mass in the air phase versus the fraction of
organic carbon content in soils. The equation describing this
relationship is also included. It is apparent from inspection of
th@s@ figures that chlorobenzene can be readily removed from soil
using soil venting while dichlorobenzenes may or may not be
effectively removed depending on the fraction of organic carbon
content. in soils at the facility. Tri, tetra, penta, and
ĥ xachlorobenzenes can not be effectively removed from soils by
venting. In situ removal of these compounds may be possible
through bioremediation of which bioventing is an option. Oxygen in
the form of air can be introduced via air extraction and/or air
injection wells, oxygen consumption rates can be easily measured
using vapor probes.

One factor limiting the effectiveness of venting/bioventing
would be reduced permeability in highly contaminated areas,
©specially if higher chlorinated benzenes have precipitated out of
solution or are present as polymers in soils. The compounds 1,4
dichlorobenzen*, 1,2,3-trichlorobenzene, 1,3,5-trichlorobenzene,
and all tatra, penta, and hexachlorobenzenes exist as solids at
room temperature when present in pure chemical form. The Standard
Chlorina Facility is known to have been subject to several gross
spill episodes so the possibility of separate phase chlorobenzenes
in soils exists.

It is recommended that: (1) site characterization data are re-
evaluated with respect to phase distribution of the contaminants,
(2) clean-up goals are identified, and (3) a list of the specific
technologies applicable, given these criteria, are identified. A
literature review focused on the fate, transport, and remediation
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options associated with SIT-O- c^««^*-
information to toî m̂ ±tffgg? compounds would yield useful
technologies. y ^cirxc tests to evaluate the appropriate

cc: Rich Steimle, 5102W
Kathy Davies, Region 3
Phil Rotstein, Region 3
Norm Kulujian, Region 3
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STDCHL.XLS

Volatility of Chlorobenzenesx Determination of Haas Fraction in Air Phase

Input Parameters* bulk density « 1.7 g/cm3; volumetric moisture content
porosity "0.4

Koc Kh
<cm3/g)

chlorobenzene 393 0.15
1,4-dichlorobenzene 2754 0.08
1,3,5-trichlorob«nzene 14791 0.03
1,2,4,5-tetrachlorobenzene 39811 0.04
pantachlorobenzene 131826 0.03
hexachlorobenzene 257039 0.02

chlorobenzene
air/soil Has* in

foe X Air {%)
''"0..001 6*04 3..309067

0.005 24.09 0.830335
0.01 46.64 0.428816
0.05 227.07 0.03303
0.1 452.60 0.044189

Chlorobensene

0.02 0.04 0.06 0.08 0.1
Fraction Organic Carbon Content
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STDCHL.XLS

1,4-dichlorobenzene
air/soil Mass in

foe K Air (%)
0.001 61.22 0.326677
0.005 295.31 0.067725
0.01 587.93 0.034018
0.05 2928.83 0.006829
0.1 5854.95 0.003416

1,4-dichlorobenzene

0.02 0.04 0.06 0.08 0.1
Fraction Organic Carbon Content

1,3,5-trichlorobenzene
foe X Air {%)

0.001 317.01 0.06309
0.005 1574.24 0.012705
0.01 3145.79 0.006358
0.05 15718.14 0.001272.
0.1 31433.58 0.000636

,5-trichlorobenzene

jfO.07

0.02 0.04 0.06 0.08 0.1
Fraction Organic Carbon Content
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STDCHL.XLS

1,2,4,S-tetraohlorobenzen*
foe X Air (%>

0.001 1.701+03 0.011784
0.005 8.471+03 O.Q02?£3
0.01 1.691+04 0.001182
0.05 8.461+04 0.000236
0.1 1.691+05 0.000118

,5-tatrachlorobenzene

0.02 0.04 0.06 0.08 0.1
Fraction of Organic Carbon Content

pentachlorobenzen*
foo X Air (%}

0.001 7.481+03 0.002675
0,003 3.741+04 0.000535
0.01 7.471+04 0.000268
0.05 3.741+05 5.351-05
0.1 7.471+05 2.681-05

p«ntaclilorob«nzan0

Fraction Organic Carbon Content
0.1
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